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.~2 ~ ~ t orsahurW10,: 21 * 16
*(A1rchive s oL' Virus Resrbarch)

Fro. the 1 Lienic-Daoteriologioal 'Institute of' the University of Bern
(Prof. Dr. G. Hallauor, Diroutor)

DETERI4NATION OF XELLOW-.FEVE.R vmUS-IrMNGOwUTININ ILI

C. Haflauer and 0. Kronauer-

With six illustrations (received on 15 April1 1960)

The breeding or' yellow-fever virus in humian tissue explants has been
reported on earlier (13, 15). £n order to detenine the existence of' a virus
it is generally sufficient to determine thie cytopathogenic effect whose speoi-
ftcitty if noeesary can be ascertained throuah the lnhib- tion test using anti-

(The oytopathogenic effect can eacily be detarmined In rolled cul"ture
tubea, pririarily in the parip~heral zcne of the cutgrowing tissue, Streak.~
shaped bonds of tissue defects (in the rollinuc directici. of. the little tube)
can be determined r=crosoopically rather early and can ho considered as un-

The titration of the tfeotlauunoso of' the cultuto virus gives us
roughly the same valuoa in tha u~cplnnt and In the cerebral miouse test. 1 7-D
atrains constantly passed in the explant however lose their mouse pathogeni-
city so that we van no loneor rjnkre a doriarative infmoti ouenefs test in the
O-elftft and -in-the--animal eprmw~ _

It would therefore be doxcxblo to establish enaltinin the virus-
infected explant and this certainly did not uJ).3car haoelosa particularly in
view of the considerable virus contornt which waa achieve" in vitro. After a
Low initially unsuaccessul prelinminary experlItents we wi >e ablel to achieve
this goal, that Is to say, we wera able t%'o work out a vet.7 simple method ao.
cording t6-o which vina-eapsoific hfira,Zuttni~in can be established in the in-

Ittdtiueu and, moat recently, alsou In the ~e±roe :;hass of the culture
Wcdiuln'

Virus strains, The folownzcuture pa.sa~e strains, soma of' which
* had been described earlier, wove uned In thoco experiments:i

17 D (London) of the 99 th ucLa 119A pll / OtVh.-Oth KB passage,

17 D(Amteram)of tho 52aadn'th 1(2s pasoage,'



,si T e 49LS I- &s: C, reetively 47th 1(/1st -15th

la-mion FL psae

Asibi 11 of the 8th-Ti et KB passage,

The 1 ?-D London8 respe3ctively, Anst'Ceidan strains did not reveal any
mouse Pathoeenicity any lonaer, Thco ' iklbi I strain had apparent17 lost its
visoerotropia for ;ao4ceys through sustained passage in the explant. The

*Strain Asibi T I represents a second culture passage strain of the sane initial
riruS (lyosahil6ized mionkey sea .ockefeflwr, Institute, Nlew York) and was
refreshed prior to transfer to the explants by means of an additional monkey
passage, The monikey pathogenioity ofe. this strain had not yet been determined.

*Explants, All virus st ris werxe passed in KB explant a which ha'dK
*earlier proved to be optiram.-, f or the boreeding; of yallow-fever virus. coca-

stlonafly and for the purpose ofP oorparison we also used Hla 11 Z4rich"W' lants
for virus passafge. Finally we als-o tested the Amnian-FI strain of' Fogh (12)
for its suitability In virus broedinG.:

The culture medium, was al.ays the same,, Jor Wh y si~etdepat
and had the following composition;

*Lactalbumin 5,3 10.0 Streptoion 50/ /oo
Medium 199 10.0 Uystatin 100 s/ 0

li~~eHank: Slutibn 70.0 pu 7.4 7.6 )dr=n; K

ttsnou were -passed in the Ly nadiun mentioned by Foch. ( )

*The Strain cualturaa ware tuoubated at a tempse~tur'e of 37 C inl Stead-
ily bold bottles ( 13C co of cuiltuire wodiui ), wb~le the experimental cultures

--were-kept--in titl--tbo-4hcoutrax-diuA roling apparts _

The vin4 inecticn of theli o~cplants am i*oll ac, the evaluation of the
* . cvoputhogonio effect were perroinod, ia the Pianner. docoribed earlier (see

also preceding ref erenoc to dotor~ilnation 0±.' cytopat'hob enio effect)

* . 6(a)et orin t io n o f nii a' ~ t V U ,n

(a) orae etraotion, Tlhe izsio oxjylantw& in the lit tle oclltu
tube is washed once -- after rovtova:l oC th-e oultu1o imedium, - with 2..4 cc,
eich, o:C Hankis uclutlon Cpu I - 171.) at i thoui uovcred, in zituj (diago-
nQ13ly Positioned aulture tubw) laith 2.5 cc,' oucho b)Orate-Nu."%l StlIut.0to (0.05 '-C
borate - 0.12 n li141, 1.111 a3.7 -90) (t-ha buffeor zolu tion, by the way, is pro-
pared ooooitling to theinatcu by Clar!:o cudr- Cauala (115 i) At IS then.
extracted for 30 minutes at room taemperature (200 C;, Afteor the removal of



- ao.~z~4xXko,Iio sAs~ ape washed once
nihiu:z' Iou tiOn (; .)a, au LCo . )0z with anow, cul-ture

-h oa out-ractin -an als o be eror1e in the contrifugeod cell

acdiIuont Of ..roo0ssod cutl'ur-ec r:o ashin, ml" the cell sedime3nt with Hanks
;o"Lutlon is required only% U thre uperposed ocl u cannot be csltaytrana-.
fcrred with - a 12.pet or if' the tissue was hoenz&with try-psin.

(b) PhosphPlate a o.c. .sod of borate we usc a :phocz-hate, re-

borate -0.12 vj a~i, )1 6.6 6. r or the jxtraction of the hemaglutinin.

situi, using& 1-anks, solution (p ui) ater that they are extracted with 2.5 o,
cach, bufrsolution or20 nntsat. rocil. toyzo.-."au we thon wash once
with Hanks s olution GIT 7.4 -7.6) a ,.*a ±'nfl uply 2.3 cc, each, of' new
culture Y.1di.ie

A mdifcaton 2 tliIz s urocedure conist I the -foli-wino: we leave
the peoulwahdtissLue 1r s-itu In contct wth 2.4 co, eaoh, ol phos-
),lato bud-"er (1)1 6.6 - 6-7) A Ir ' oItL'Qcytes (i-§) durinu, 20 minutes
at room tor:?orature. The c Vthroy4- ticpousnzon ,4u then remloved sfrom" the tis-
zsue as coy<)lotely as Losbe(o.~ nicnsinn~ and It is Then
p oured Into sedimentation, repeti-l, oial cantri~ugation tulbes. The

o~rla~s re he once a"1 wa dwt at ouin Qoi 7.6) and
are provided with new cultulre mdu

Tile cultuLe modluli to bu uteCrsbohtto a pHl of 7.4 -7.6 by
I.eans of'NUat.-. btcarb.; the coilL eloimento arc; .r moved by melanls 0., oertriAtOing
,tnd it is then ocooled to 40 ' In anl ii-coolod wateir bath. Af tr arddin, the
zaUIG volur.e Of joe-cooled :1%)mo solution ( 1,2dfurttahoehn ) theo

nre4-aoreful -a~la I ~ or n--1X-ho cold environnent and is -
then centri~igd for' 24 - mnutu at 2,1d00 /mntea, The wateay aulerna-
tant liqluid is.an onc10 tenl one o and )erhaps twice with freo..

ah~ method atakes It xossoible tvo reovL osec ihw guii~hbtn
substances.

Consarvat!.on of u-1-lain n. exrats orate extracts with a pHi of
8.? - 0.0 can be conserved at -200 C. Thisappie also to awdia agitated

* with ro.Oil the othiul hmn±, ; o.j at etracts withCli a 1)11 or 6 .6 - 6.? can-
not be preoerved and must thiet'Lora cbo ueod :UaiLdiately after they are ob-
tained,

lion%glutination to&ot. TI-u huiului xtraots are dilutdi in the
ouctomay little, tent tubes; in 0 .2$ cc, uah, of phen chate-. borate buffer

'Mith .-:Of6.7 h tuinhi: . :" lltewqt 02;te r~; ~~f~r;~ te iltin or bIU:.,o al.h a o IO~te rtisard(m-rxad) in th 0.2$ cc, each, o s
goose orytllhrooyto suspension (o u'ld IS) Afrthmitosaveo

-2- hemxurah



3"~ roe:; toio o for i/ - 1he IoTh heimglutinin titer is do-

;:n~utination inibi1' t5on te s, i- por-antisora of monkxeys and rab-
b'its (wre want to thank I-. X-. Tbolor, lew or and Mr. I.S. Porterfield'
London, for., letting us have those cmra) wore ;j e -treated with acid-washad
kaolin accoox1InZ to the i-ethod, Cscrtbod by Clarkle and Casals (11 ) for the

* rezioval of nonspecific inihibitors. Thcy ware then diluted with borate lbuf-
for p137 - 9,,0) 1 .10 all th -waY to 1 -5120.- We toolk 0, 25 cc. each, o±f

*those aerum dilutions and mixed then with 0.25 cc, each, of borate extract,
ros9peotively, 8 1'enaglutinin unitsl; thei rnixturao tiere left -standing for 4

Thura ~4~C.---fer-ha-t- w-;add6ed O-i5--caj eoach,--eta t!goose ythor
*suspension in phosphate-borate buifer (phi 6.?) and we read off the inhibition

titer after the mixture had stood at roomi twriiperature for 1/2 hour.

I rirarnts

The orIginal intention of est"ablishing hemanlutinin, in the virus-
infected tissue wtth tleile -asoa'go in ohot t proved ir;praotioal be-
cause virus-cootalrning e,,Ipants could certallray not adsorb goose erythrocytes
which had been added and which wVorQ su!%)snded In a phosphate buffer solutim
with a p11 of 6,,. In these preliminaryV exjer~imnts we made the aurprtsine
discovery that erythrooyto sus,)ouci-ons of this kind heiagglutinized very in-
tnes-lvely within4 & very short period of timee after having been kept i. con-
tact f0or 165-20 minutes with virtu-oonannt Isen~ro. ThIen
vi1ous asnato_-oth f-ottath canetiuereleases virus-
specifiIc heria&;lutinin under -ua'e eAot of the acid phosphates buffer __ could
be confirrmed throuzh the sucosful hr gltnInr extraction with phosphate

buf r oltinThfct that theu ruoase of the hena ggiutinftn iS not
brouaht about iby the aoidit'y oi the bw2Thor o-mer-es from the obser-vation ao-

oo~-ng-towhth-a-hea~~uttin raticwiti-lnkssolution of -ootie~.-
pendind acid reaction ( phI u64) is not yousilo . The effect observed would,
instead, seem to be brought about by the oytotoz'ie affect of the phosphate
solution; at any rate, egylanto reveatl a rmopholoGioa~ly ohan~ed appearance
after phosphate extraction (tlomporazy rcundinc of tissue cells),

The phosphate extraction of y,,olloi-±'over hematr lutinln involves two
dioadvantagest firgt of all, the ,jjruv.!ou sly ,nont-lonad tissue damage which

In G~m)0.61ropatodattq)-t, cn 1% tothe loss of the eqlant
and, ;ae.uO t~eroat oftbi~yc tLvena~uii In the sold sxtraot,
which reqiroc rrapid utilisatton. For thei routine homaglutinin determina-
tion WO therefore oxtenstvoly mrrinodl fron 'nino the phosphate buffr ox-
traction, that is to say, the oxIratlon was confined too those cases in wich
a rapid, qualitative huraaggltnin.- determination was desired. For this, the
advance treatment of viras-infectedz explants with goosa erythrocytes, sus-
ponded In a phosphate buffer eot:ois highi,,Ly uitale as the most sensi-
tive toot.



Ti,..C ~t,0,o j.lv4 . 2:.In~.ly thie Inrco n tho all-ali range,
Vul uc4ha zoo testod b'T Sabin an.asaociatcas (5 -9) in obtaining howragglu_
inin 1" oth.or01 Avbor virusoes, uslingr a borate b'42e'r with a p11 cif 8.7 - 9-0-
4-is ozztrion method offoTrs a- numrbc: 02 miajor advantages. specifically,

the ugpisiglySmall cytoto;xic eff'ect of this buffer, the apparentl un
-1es o exltnnfrn1e-iu-ifce tissue and the con-

case the- alkamlinity o:' the bu:2er i1.. decisive for t.he extractton, effect is
2SliCted by the £ollow~xng-: a M'anm solut-ion with a Corresponding pH' Is like-
IWise suitable as extraction weans, although apparont2,j to a lesser degree.

*The establ-ishmyent of^ henwagglu Linin in the liquid cultuare phase, re-
3neetively, in the culture medlium cr-eated riajor dliLfioulties in the beginning,
Repeatead ecperinents, a:imed at removing the nonzpocifie inhibitors of the me-

iu -whose homaglutination inibtion t-iter siiould be suggrested at 1 -.614
bLy means of Seitz filtrat-ion a id not lead to any clear results. Finally
tho repeated shaking of the viruc-oont.ning, culture lI-quid with fluorocatbon,
rospeoti vely, freon, in a cold envi1ron ent provedl to be a meathod suited for
the isolation of hemae,,.-uttni n, IBoato. o::tractIs can likewrise be freed of Any
still existing inhibitors throug.h prior treatment with freon, without any
adverse ef1fect on the herw.,-glutnat.on titer,

2. P-4nartas o

(a) BeairErlc ot

The aotivlty of el'utnn- as uti all arbor virases -- depends
toea hig~h extent on the hydro,.on :ion concontrat Lo In the reaction environ-

7eO and <6.4 we motly do not have ay 'li; at ' a of
temp)erature on the proceISs of0eag4'ato was investicgated at + 401___

*+20-1, -and- -+-37O0; -at -room- -toCnrorate ( + 0 n 1old weather
(+ 40 C) we achieved the smame olngu~ to titers and -the temperature

elfl'bt a ocrXf1-ned to the dlioront v,-eed of the ractilon; at 370 C (in the
water batWh ), on tho other han,ter is no ho:g1uiainat all, pro-
vrided the roactton copoetswre vro-heatod to this toviperature before

* tigfor a shlort" timL:e (5v!.tnutes ) Erythrocy!tos of7 aeeso _- In accor-danc
with the zt,%tements by Porterfil (1C) -- aro ideal for tie establishment

a.. yolow.f verhenag Jx~ini; ahio oi- et hoy -cc (taken from adult arimals)
are agltntdo LyrreaL"y wri, :vt best, 1.i low titers. The conoen-

* Lration of the oryrthrooytcj u'Insoi a., was; likewaile established f-:or the
ot4her arbor viruses ( , 19) ; As dotw vs _ ?or the iiensitivh.!ty of the teSt;,

a edctonof the cxyu'oyt dn.yowtonehl(1.0 - 0.5 .. 0. 2r)
rparalleled boy a corros.Pond',An -i)ncreaseo In t, tItr b1 1y Ooef (1:2) dilution

At, roonm ,:.,.raturo th Ieau Laton C:Vlk3rather cjuichl%-y;
1.in thehigeh or 1iemcwilutin11111 colicentrat01oCz, tlhe ng.-lutinate:j can be doter-
mi:Oned with, the r-giyn lass uj'ter a.: IU LtIa as 1 0 -,amitoo and we canl read
offI the t6er l:iit after anothor 20 iOrtmiLos. Tho11- c:i'IglUt111"te0s thus1 formed
most'ly coime In the Zorn of a :.ira or esdonte wall lining; 14hich -- In, Strongly

* positIve spcmn -call xeos Al the 16o1-1 Of' la.iIolla, couple71d with the



Loriten ? bo~oI'M sod'* !.t. ' .0 sw2~.o5or an enzyiiiatic reduction
of coil rooc-pu11ors could be f ollnd . saitted several times can,
to be sure, be tjran-sfcrred to a hrooousntnosynot a-glutinating
cell s__1__ena 4 on jhich, howaever, isr gltntdin its original strength

th 'o'r-h , onwc addition 0-f Crosek- lhe.ar-'ln inn The virus snec5/ictv
r - of tlhe anagg.lutinin was -sotielIn the Th~iion tk'est, -using inhibitor-

- ~ m reey&'ow;-Zover anti cern; he:'e we dleterninreca art inhiibition titer of 1:320
(rapid serum), rez -eotively, 10: 220 (m,,onkeoy hy-,er-antisrencm).

(lo) v.r in:Jt2

wh the we want to establish hoagui iit is very aitportant to know'

the agitator; we can determiZnc; tho heaguinin reularly only In the latter;
in the former case this is -Lr.,Asz'Lblc nest' of^ the tm.The obvious assump- 1

tieon -_ according,, to which we could achieve a hyigher infectiousness titer in
agit% ad cultures than In resti1ng cultores -_ could be verified by means of I

a oraratives infectiouasness tetivl Inidentical infected I elats (i100
tissue culture doses of virus Asib"i T); thle titer difference, which was do-

*teriined onl thle 5th day .i. was about lo, 2.0 (6.5-.4.3) for the tissue (bor-
ate oxrc)and it was ro hylog; 1.0 (f645 for the vulture nedium

(ntv) In stably inculbated exlnswe therefore obviously, do not achieve
the virus concentration (see beowuhich Is required to deten-aine the hemlag..
Clutinin -- at least not as a rule. U1ll experiments were therefore performed
In ag,,itated explants.

1'm cltinin fon-nation tL-*.ie, In order to determ,,ine the time at which
weT might be able to establi.,sh the orecenco of hem-agluttnin for the first

* time and in order to deternine the c-:.u: t-iter achieved as well as the dura-
B tion of the hemiagglutinin production process, woe continuously, that is to say,
*daily, subjected the explants, whi ch had been infected with varying doses of

viruses (lo, 0.0 to 6.0 In5 0 ), to borateu buffer eztraction. The expoerimental
___ ____results achieved here are shown t~n Table I and in the Graphs_1 6 (See Ap-

AF expected, thle vol unjo o^ theo inoculation dose determlines the mowc-4
bation t' me at which we can naeour first hennigglutinin detemi nation. In
explants, which wr-:o anoc-alated wit lr!gr infePction doses (10~ to 10o3 ID50 )
th~ls tine usually colmes on the th ird day nid In a -few rare cases on the see-
end day, pxi.; (in case of ver-y hij4.;1 t noculat4 n doses, the heaguinat- in
f.orration is very clearly ihbtdandc en occasion -1t"U is comqpletely suppressed;

* hanock and Zabir. (0) lade a :imilar: discovery, :Lfl the case of the virus of
equaine encephal%tis, typ)o Ut;no hagltincould be r:tracted fronmazr.5
si.vely inculated, mouse lcos iA~trcrly infected cuiltures can give usA
a heri-dutination dtnn aon the1, 4t-'h day, piat the earliest. :n
each oa'-o we can establish the ozgutni in the ex7.lantod tisusue 24 - 4P0
hours befCore the first iniainn actptogenijc effect, The raximum

hexaggutiintiter is aoM--!cvod *.n 3nost =os withiln 24 hours after the first
pozsible dete:7mination an.-as ac as tine Is concerned coincides with a medi.um-
level cytopathogenic n_ ffct (4--+ reactiton; increasinc rounding of tWissue



4_o_. dua* of the hecagzlutinin productiond:Cnd on thle e 01 e;planted t- ,%e -- 60Stee t , ,ts to say, on its survival
t. .13 exl...nts are co-plete3,y destroyed with n a short period of

t:.::o ( 1 - 2 r'3ays) after the 'in virus titer has been achieved so that
t>e :c~msjut .nin content of the tissue rapidly drops to a rinitalm. In PeLa-

and .!nion 'I'L" ex.--lants, on the other hand, the crtopathogenic ef.I
fect revealed a pronounced protracted course and as a rule did not end in the

co.:lot destruction of the tissue (*). .m increase and a drop ii the hemag-
zlutini concentration take place also in such explants at a correPipondingly
slourcr rate..

TII*E D'JFOATION0 O M e:;vrJTZI.L. Fr IO:E~~~ TSSJE
;A FU :11NIT-0N 07 TJIM .&=tIUMV.TD DOM

d imau 17 D . AbIZF- 1 MIbi 1 1 IDj &MWI.'- n
e _ __ Oewebe RD Amn Xfl UllLm XD Xfj K Amulmm RD EeL.

- -. * -
I ...... 5.6 5.0 6.4 5.1 6.3 5.7 5.4 7.0 5.5 7.2

f410 ........ 4.6 .2 4.7 4.1 5.3 5.5 5&0 6.6 5S 6.2100 ...... 4.4 3.4 4.1 3.6 5.2 4.7 4.7 5.2 4.1 5.5
1,000 ...... .o 3.0 3.7 3.5 4.5 4.2 4.0 4.8 4.0 5O10,0 ......00. 3.0 3.0 3.0 3.0 3.5 4.0 . 5O 3.0 4.5100,000 ...... .2.7 3.0 3.0 3.0 3 .0

A 1 MdL ...... .. O 3.0 "&'...0 "3..0.'
. . . . . . . . . . . . .--- .... ... ,,.

Legend: a- hena-slutinin; b- tL_:e of first detonmnation (*); o- time of
ri-mi titer (*); d- viras strains; e- tissues; Z- inoculation dose (T7D);

(*) number of days after infection (average values).

(The further breeding of s--vinz iieLa and Amnion cells mostly does
not create any difficulties and enmbles us to obtain "pera-ment caltures"
(k.everal months old, not convrtecd or k.-.nsfe, A. eaplants), .xplants o
this kind are in a state of e1uiibrlu' betw,:een proli:erative tissue growth

and degeneiative cell decogosition and are chronicalwy mnected, as we were
able to see on the basis of repeatedly successfu.l virus and ,hemaglutinin
determinations as well as on the basis of the proven resistancet against re-
infection. ;n extensively sILlar firding was "made in connection with the
brceding of classical and atyorpcal poultry pest virus Lfzicken cholerj in
emplants of the same type (16, 17, 14).)

Th virus strains used do not essentially differ from each other with
resp.oct to their hema3glutL2atinr capablity althourh the Taeticular maxim
titer achieved in each case In the Jsibi strains was on the average somewhat
higher than in the case of the 17 - D strain. +.7e .ight mention here =erely

-7-



"AW. 17. D strain (Lozc,_ -tc zzLeon passod lcnz;est in A2u.1an o0c-
11o 101o -prodiuced anyr :ioa lwi K aftci 99 HOJ.a - "Sir", and 54

'~~z:'sA Stltdlar loss o "" t*''!' activity Was also :-ported by
%abin et al. (10, 20, 8) In old osacstrains oj- other Arloor viraso's, n
* te case here Jit is now hi~lIuy quost'Uionable whethe11r the culture strain ac
tually lo-t its capiability for -, aultii formatter because there was a

sbtltaneous drop in the ini otliouaones titer by about I log~ 1SO4 that, pocz.
sib'Ly, oray the threshhold -value roquirad for hwaglutinin determziratton
was not reached, .

(The fact th-at this aauytnwould seem to applyr here emerged durinep
___the 69th XxB passage in whilch heinagluttInin -- corresponding: to a new rino inJ

the infe-otiousnes-titer -- onco a-ain coulb ihthdinavr snl
quantity,)

the culture medium -- following prior elimination of nonspecific inhibitors

throuah feon, -- offered a povoibility for maktng a sfrmltanouu and contin-
uounc determinatUion of the quantitnt-4%-ive di.stwribution of homagglutinin over

thetisue nd he liquid culturs phaue. Uo"agrlutinia. exraction fromth
infected tissde,#as in the earlier emqierixcnto, involved the nuporpoaition

* *of the washed explant with 2.5 co, each, &f borate buffer with a pit of 3,7?
*o ~cr 30 minnutes at room teiiperaturo; to estalish the hemagglutinir. inth

mediumn, 2.5 0c, each, of cell-free culture lUintd were agitated with f'reon
aM 'in a cold environment (+ 11. C ) three timkes in succession, The 0f1=i
ciency of this method can be seen t n Table 2. Partially cleaned specimens
as a nile reveal a lower inhibtion zone which occasionall can also be found
in the uncleaned, virus-contain-ing culture media. The purification or caan_
In.-. process can be considered comlctacd when we can no longer establish tiio

ocito-noe of a protons and when the homaglutlinin titer remains at a ono'4mit
level.

____ ____________ ____ ___TA32I 2 _ _____

P'JRIFICATIOU OF CITUtIR '.z2DIA W47TH MltON

:!ui:~~;l titter befora and after I - 0-odfreon agitation
123a) ra tv N O slop16 6703164 66/060
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Lozend: a- c, ~ b.tico M -- inoculation dose (2 D); d- dlay, p-..
e-.. hema lutinin,.. 0,,E-.- cta thIo, -;ni --. e: t - prification of ex-

platC~r~ -: annot 61b doetined; * miu titer
achieved. V

.late tissu, au I ete - on on the he 'b)tinin concentration in ex-platedtipue oh~holoneharc~. and4 tho portinent cultiie MdUUM, on the
r~tey ehauts he ~'~~e ekini content of th tlsbaes an thatth

o r ia d t a r r J6 s u t o h t t e b ra e e t ' b ~ n a p ofro troatnent o--. 4~edu likewise rende Lrs theL SeG2.tin present in
each, ca se quatitat"y de.e rbl niTere are .,two £Iint~hgs which, speak
in favor of ths -*-.:(1 he ti su d6 at~ ihbraebfe
zoStly3 relWeas -tes ofhr.guii ncimt6 ihasbeun
second wftra ton% - aV Ie alse to fid~iter orthe on-iebort
extractk-ion of a S; -I .z Is. not ali~ayc e autvive 1ase a repeated
ext racat ion coccaso.l is waablo o f rlain- ~nie quatitis of.

he~ggltiin n as noh cel QVWSpeion1 is f.: rozen ;at -20Cinthe borate
bu.ffe.- for 21±. hours =d the qu -cly, tjai-ed: 01)I and(2 t. orte eftracts
Iwith high hea uiincnetrwaa ineoctibltznes titeors whichL'can be con-
sidered na .4 in LIvt he re low-&: ciis nhe sn appie to enMri-
fied, iubstances (Zin ~-J3 ac C. ci hc h.sn netoses titers
as for the corrveswni.i no-u-fec Initial media are deteznd a arue.

O: the n beos conza:'tI-vo titratiozis of this kind we have reproduced
the results in a Iiiite r-, nuiab:or -in 'aBle o.

.s aUs to be expected a = hehea-lii -I %fte'lure no-
dium -in co~ari' -W d tist .cin-rac' h behodof de-

r ten~iinbility ad ~er .. Ce ot 24. horrsLate.Te~eagui
concentrations Proe....",-u. ~esiey orspn ~ h progression
o. the t Opa tg'& ezfec- So, * the asmto s~u~ ied that the in-
tensity of th i~~.coozs~o S a.isv for ter t.6of' the virus

elaeinto the M Lt ao n, -ezncl We r41e1#rnined latter =a-.1
Mr.1ua titer- in tI'e Z=3t~ -:=1u: C.~h- n Vh orsoi"t In. .4=5on
expla nts, in chci i. coaiotonc efect 5s c6nside8#43,Vy delaMyedti

ni wol-ld corresoned to a tu Co:,z 'Iinc;ior~ne-oblrt ed M

borteu xtractio461-^ e 4ih-,-96 noCub'1jected' to .a prioron s ro- tO cor-te eedy: that the
sao ~ tter~-~s a.ce~ ' t-s i~co~anl in the, aumi. Ih fe

quowntly3 ll tcblin conten of*he cultore
medium Is Otieoro possibly th nos ceo Vaf artifis removal
thruguh prIor borata i: of h e~am-,ttd ti. 0;

(c) ala .c1IS11'~ t-0 i -01 7-: :71=d n :nfcctosns Tite

~~ xft~ctsfa _fc.ctd Ju tsu re.s as
inffectious for e --. azrtz' (and far th1 ' z:it i'oue) a- cell-free cultureli
quids. 11e thereore incroasi;l frccjuent12.y used, borate: ex;tracts for vi_.ras

4 passages in te enlsn Iota h imaguii ie off the inocualated
virus; extract could be com-pared 'to. the i.nfecti4ousness titer which is achieved



ou=3 V t, eZ. aS. the ~icjC initial neVl.a so that in this case li0'- 3ke--0i~ 0h rto 0-7 haaZ_PILutng to 1ect -* -nesr tier. cafi be detrmiziod.
1r, Tabl~e 4 we 'have t44e titoz' valuec doteoar -d orborate extacs

I. ~ ~ ~ T Duom)nIa4e

BO.:16Z I IOT MM- I'. "" V Im' p.1., ,L.SnII,.

* H~ ~A I __ _I

0.3-0.0 5-. 6.,. 4+ 7.0
1.2 2.-. . 1 .

.55.-4.60 5709 . + iL
1~ L-L 6. +4+ LI 7.f

Lecend: a- I. average '.*ue b_ .t:vea:,xpr4 s 0-
OX-lant nunber; d- day, Ii. =50 -- o ~~ii ie;I~.~i cti4ous- j*estter in =p~lan'; CREi.. -0t~~oeicefc;() ac2ae on the
basis of 28 experixients"; C, carotb dtrnd

T:-.e averave -a u;u t.Ietoc; whc eecoiATedfrm larg~er
nuWD'er of inciiv-ice*_.ua1 e nsJ".t:; v no dob th=t thea is aCertain pro-~ortionreet -'n .tain anid the -level of ifc
tiousness; an increase in 'tblo ":.C :aJutn ttrb 0.32 log geerlyi
paralleled by an increase WI 1.e -ect"0ISM1necs by rouglr 0.5 log. The
t'-:=loohholod of dete,=Labil.1ty of _1n lieSL betveen, 4 34.5. d50 log1I 0

* inzecDpion doses (ID5Q) for- W -i n s hssro~nl o ale 4~
also showvs us two inciividual :ian s in whch the titor ratio was traced
in tern:s of tine; here we te rather , otovortby finding that no' bemag-
Cglutiir;m could be establishod nzy~re xt the tim of the rzdz cytopat.ho-
zenic offect, althout-h th-e- inecLuses iter continued to increase ordroppc'd only to a cozrratvl =11 degroo. It reminst be .eplained a=_"
clarified w~hether such a discrency beI7w:cn heinaggautinin and infectiousness

ca eproved freque.-tly or reu.ryduii-n; the ^na,~ staees of infected
eyx-)3Ants.

Correspording coni-artive t:ter detZor~nxi-utions with freon-purif ied
culture media have so far been m'do only to a very* simll ertent . In the case
of five .purificates tested, we dotarv.1nod an. entirely similar ratio between



the halutin.In anid -Ac*> IztC-to's- log 1-5:5.5; 1.5:5.6; 1.8:6.0;
13Z63; 2.1:_!%6) .c te ezx,rats.

(d) Sta i!..v ~ fl.Cnsraf~

4 -o, n th t~ 21~ f the y~ o -e e e g

*lutini . at various zur ne.Vlushvebo de only
to a. linmited cztent; tbs~~~~c~arly-/ im.tsresting since we: 'already have
some informatio on , 'to -- othertarbor virasas , the hmg
glutInIn of the yelw,& pwer V-irza shares the? properliy of ma Ism lbility
L.n then pi" range (6.6 -6~p 0 oJi~iuacviy. Ppate andbrae
phosph ate Im Zffer ex. Irac, , -ii a . ~ 6.7 reveal arapi dp,T t' ehean
-IutIn-in tier at room tacceratuo (200 0) ithlin _.%2 A_ r;a owrtn

.~eatre C+ 40, 2010 -C, ore slkws a complete actiftty loss within.
24hour s. On the other aii oThtfi saretieyhgdeeeo

stability in case oil alkim G a :ec'u 01. Borat e +e~tractS Vith i p of 8.7 -

9.0 can be conserved-witfi~t. an najor titer loss for1-,.2 days 40l~ C,
and Cor 4 5 d sat2C C MScaseo.'on r sto1rat e h eaguii
titer as a rule drops pro,o~svo:Iy 30. t'at theLS spcmn fnlybeCome .com
pleely inactive - at +40 C nost3,y fro7 ~ot 0h~i n at 20C
mostlyv from the 9th - 15th day on.DTe stabili1ty of ithe emgtinin by the
-gay also flmuctuates coneleerabl from, be~ 13en tooh-x' o~a h

tins gve hee olyrefr AP~ average. norm. ortezrcsanbel-
philized vithout =a'or titei. 'loss; t .dux ation ofthe consevbliyo
lyophilize spc7n houever has not been deeimined asyt: 7iayw
come to the 4uestion as -to Alhet'hoe in suchin.-L:vestig1at-ons t. stbliyo
the hemagglutinin is in fZadct d.Ive orb~te h 'rpi h emagg'ntinin
titer is brougtL about Lo=nlyIthrou1:h. th rgesv oss of. infe4ctiousness
during the conservation period. on, theasi of several ifbiuns e
termination involving Col~d-COXIServod specmen Lwe wild hve to assume that
the "inactivation of b ~uii"tks lace in.terns of -tlie wheniz the
inf ectiousness titer drops belov the tiluesbfhold val iie"qi~ fo eagu
tination.

* a .on ofe 2i. -t s

* j ccord!ing to Sonja ;E1. aBuCIkeY (1) certain Arbor viruxses -of GrouIp A
(equine Encephalon-relitis TYpe -L-es-, S zidbis)-respetieyB:(asuroet

[ -Isease, Nest 11ile) in teinf'octed e:Vltnt'of animal and hmnorigin (chi cken
embry.o,, Hoda, Detroitl-O, omnbrYOna, hu-man intestinal tisu) canbedtrid

t ~and established. itte help of the i&3rtotstof S~ooVgl n
Chi (21 ). we were never able to olbserve a true hemadsrtioflirith the yellow-
fever virus (that is to say, a IIir bindingfadd os erthrocytest
infected, explanted tissiie) alth.ough We srictylloe - Te te hqe vrcom
ned yBukly Uner the eff ect of the alkaline- borate buffer th ins

resp ectively, the Iherazltil-lin, wo r. allways completely, washed out, Of the In-
fetdts-eclss that no hemadsorpt ion -henomeonon could takte place pre-
cisely because of this. Buit there'uwas no hemdsopo eiter Mhne Crth
pretreatment of the explant iwith a washed bor ate buffeor was oritted and whe
the inf ected tissue txas pl1aced in contact, only with an erYthrOcyte suspension

-14-



"rer a nask solui..on wth- a )1-1 of b I j.7 lth, oth i n t hi case the
0111ono :ental cond-*t...ons: .forthC determ-inatioll of yellow-fever hemarzlutinin
have been met, it -ias iri~bsib2o to -orove a heaacautination effect either
on the surface of t1h'e o#,laned tiacue or in te li4quid culture, phase. On

thebasc o thse inains itM see=s reasonable to asamie that the hemagglxu-
tinin of' yellow".-fever vijtas is not spontaneous2.y liberated of the still vital,
noxrplholoically intact 1=11 nd ha it inatiroe' becomes deterzid~able only
.,tsr the cell decompositio o6,10 to artif icial extractibo L it re=in to

be detexilned whether ,Y02e2t.7-f ever virus differs -basicall ro the otler
Abrviruses 'in th- s Ir o te epri

men sb.,,naei-y.'zc~d umli:~izo succeeded in achievin the-determination
of horacglutin1 only by _U'singf a h ltii-xrcigborate buffer; the

.ezr~a orptign *11 which eshe estabocned-, is und&ouo-ted.z not~ -of : rl.
classal type "-because agelatinxates qu.dbe established also ,outside the
em-planted tissue in chlain-shaped Zroupc.-

The most iqporot.r~l of this investig&ation probably..-resides in
the f'act that Wre succeeded in extractina the Iheoaggaltia3n from ~infected ex-
pl.ants apparently quantItatively, ' thout.t0 tis5.sues hire being damaged to
any -reat etet. . It,LiS furtheraore wvorth notinvg that agitation with f:luoro-
carbon (freon) e1Lmiintei'no=nspaciif1u mai~toysbstanceS , and Lthis also
makes it possible to prove the enistaonceofteh aguin psetnte
culture mnediuma. !e thus have,'h ttoi o azve2y sixm,2Ie methods available f Or
the early establisbment of the Y0elloi-f over virus in the exPLai-t -~even be-
t'ore the'appearance of thec I- trathooonic effect. Both methods are suitable
also for the purification of .1elrC-lutinin, r~espectiLvely, vru=s,. and could
therefore prove to be valruable also .,or eloctron-pia preparation and
possibly- also for the obtention Of u.-poor vaccines.

The relationship of the ho::a'zglut1inn tLo the infectious rimus particle
has so far not ben Vetiatod. Atany rate it is certain that boratue ex-

trcs a-nd f reaon prf c:aes co=nt an not onl y ]emaglutinin but. also infec-
tious viruses and that there is Cn. em-te:nsijvc proportionality between the
her.agglu2xtinin concentration and: the degr-ee o1% infectiousness.

The properties of'LtheG yell-.-ow-eer hciagg2utiniri, Uhich so far have
been invest-.Sated -_redord..natly fa., Taprposo of obtaining ~an antigven suit-
able for the A.~uiain h~ints ('., 4, 10) lbasical.y, rvel
the criteria set up by abin and azaoci1ato, for other Arbor viruses (19, 20,
5, 6, 7s 3, Os9, 229 23): (1)% The raloace of her-ialutirni fCrom Infected 'I *s-
sues proves to be depend-ent on tho -_i1i an:6 on the electrolytes of the eyxtrac-
tuion -lquid; (2) The hea ui~i~ actitys confined ,to a certain P
ranrge, At is often deipenddent on t1-he e.ert and "Lt4 nost3ly reveals a nar-
roU erythru1-ocyte apectruz. rl"-.0s. destruaction71 of the cell recoptors
does not take place liere. iormi2 Zora arc- ca eblo of' inhibaitIng the he:=m-
afautination, throush twhoir content of nonci inhiibitors; (3) The sta-

biliy o th .hna~utiin s ai the o zone of i.ts o-,ti=n activity
and Is 6-aaranteed only in c-coc of =!kaline rea~ct ion; (4) :7. ienal sus
tained :)-s=Zge of virus stzai.nc can cause a loss of t12e capability for hemag-
alutinin foriation. 11ithi'n thW~ frmeok hehmzaut1nins1 of various

~15-



:.'..o * -izd o roc~.c' cer.-. tc differences, as was proved bpy Sabin
r ociantee it respect. to the'r 0.-) :am reactivity with erythrocyites

and n accor~xanoo it th''e Q IJI," 11 "r e Of thec-Ir a-.t.On the basis of avail-
ablebi by no -neanz co let t, ect-tis itt vould, seem that the Iheaagglu-
t,_ n:Ln of the yellow-Cever viruas womuld corre.T.,ord most closely to. tbat, of the

'-1 Te hemi;Clutlnin of the yceljrou-Zover virms can be est~blished
qu altitatively, in infected,1.n- o;;laits both.' in tbe tissue (thiough alka-
line e;xtraction with borate bufer) ard ian thm liquid culture phise :(after

elz~neation of nonsneii iniiors -uith freon).

.-- 2.I'ema-:;utinin can be astabh~shed in the explauted tissae already
eo e topathogeni.c, eet -.. d !t ,reache s .it s -highest, concentratio at

t.he ti-m of the racimn e cas titer. The release of hieiagutinin
* ~ nto the culture modiuz takes place in a snchronized, fashion, with ~the pro-

gressAo of the cwjtopathogenic e-" ct.

* -$.Theme is a certain proportIonality betwmeen the hemagelutinin id
the !nfectiousne,.ss titer.
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?oultci Test Vi4rus QDV7) inrh2z~ o U:z ii, Volume S, No. 3, 1958,
or. ,a,,-e 395, first line- ID;^jZo--, 0.0 -2.0 (i-nstead off' 0.2).

2, aflauler ana- ,:rOiaa- or "! cutrtut on "Lo,!runizati on Experimxents
Z~~~~~hi EroietlyIdced Vailants of th-1e Classical andi Atyil ?ulz
PetViu~ olm 4N. 1 1don paglQe 47, Table. 1

31r1 Column 7th Colum

Orig-inal virus 3.3 (instead of $~) 2.0 (instead of 3.8)

(All1antois)


